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Abstract

The present work shows that mango peel is an agro-industrial residue with high nutraceutical
value, and a suitable separation process was evaluated for the best extraction of its bioactive
content. The objective of the present work was to analyse the phenolic profile and in vitro
antioxidant activity (AOX) of extracts from mango peel obtained by low pressure methods
using organic solvents and by supercritical fluid extraction (SFE). Soxhlet extraction procedure
with ethanol provided the highest extraction yield and the highest in vitro AOX. Extracts
recovered by SFE exhibited better antioxidant potential according to B-carotene bleaching
method, while extracts obtained with polar solvents using low pressure methods resulted in
higher AOX according to DPPH method. Several phenolic compounds detected in the extracts
obtained with organic solvents were quantified, namely kaempferol 3-glucoside, quercetin
piranoside, quercetin 3-glucoside, isorhamnetin, myricetin, and rutin, which was the major
compound found in all extracts, confirming the presence of valuable components in this bio-

waste.

© All Rights Reserved

Introduction

Mango (Mangifera indica L.) is recognised as one
of the most important tropical and subtropical fruits
in the world (Castro-Vargas et al., 2019). Brazilian
mango production in the semi-arid region in the Sao
Francisco River Valley has been increasing by about
3% annually, due mostly to the use of improved
postharvest technologies associated with favourable
climate and irrigation conditions. As a result, mango
was the leading exported fruit in 2016, and Brazil is
one of the largest mango producing countries in the
world (Carvalho, 2017).

Tommy Atkins mango cultivar, present in many
regions of America and Asia, is recognised for its
large size and common use in the food industry

*Corresponding author.
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(Castro-Vargas et al., 2019). According to Coelho et
al. (2019), the Tommy Atkins variety is appreciated
for its attractive colour, distinctive appealing
flavour, and various health-promoting nutrients,
such as flavonoids and carotenoids, and as bioactive
compounds with potential antioxidant activities
(Lerma-Torres et al., 2019). Besides that, recent
studies have demonstrated that mango leaves are also
important sources of polyphenols with antioxidant
and pharmaceutical properties (Fernandez-Ponce et
al., 2016). The mango processing generates a large
amount of agro-industrial residues consisting of seed
and peel, which may cause significant environmental
impacts (Siddiq et al., 2017). Mango peel represents
from 15 to 20% and seed around 20% of the total
fruit weight (Kim et al., 2012). Mango and its by-
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products are reported to have functional constituents,
mostly flavonols such as mangiferin, catechins,
quercetin, and gallic acid, which are associated
with the antioxidant capacity of mango pulp and
peel (Dembitsky et al., 2011; Ribeiro da Silva et
al., 2014; Jahurul et al., 2015). These compounds
are associated with the prevention of degenerative
diseases, including cancers, cardiovascular diseases,
and diabetes (Masibo and He, 2009; Sellamuthu et
al., 2013).

Mango peels are important industrial by-products,
scarcelyusedasprocessedfoods,butwithhighpotential
for recovery of functional ingredients (Lopez-Cobo
et al., 2017). The phytochemical profile of mango
peel contains polyphenols, carotenoids, and vitamins,
with several health benefits mainly associated to its
antioxidant activities (Garcia-Mendoza et al., 2015).
Various polyphenolic compounds, such as gallates,
gallatannins, flavonoids, xanthones, benzophenones,
gallic acid, and derivatives, were detected from
mango peel extract samples (Dorta et al., 2014).
According to Liu et al. (2013), mango peels contain a
considerable concentration of bioactive compounds,
and they suggest that the rational use of these residues
provides, in addition to the nutritional benefits,
reduction in environmental impacts. The utilisation
of mango by-products, such as peel and seeds, can
enable the recovery of functional natural products
for food and pharmaceutical industries and reduce
problems of waste disposal problems of mango agro-
industries (Castro-Vargas et al., 2019). Therefore,
industrial units should adjust their manufacturing
processes to efficiently and ecologically recover from
their bio-residues as it is a valuable substance with
promising applications (Martins and Ferreira, 2017).

According to Sogi et al. (2013), different drying
procedures (freeze drying, hot air drying, vacuum
drying, and infrared drying) applied to Tommy
Atkins mango peel show comparable ascorbic acid
contents, while carotenoids and phenolic components
are affected by the high temperature of the drying
methods. Based on this, the present work was aimed
at evaluating the influence of the pre-treatment
(drying procedures) on the extraction yield obtained
by different low pressure separation processes.

Soxhlet, maceration, and ultrasound processes
are extensively applied as methods for extraction
of several raw materials. Some of the commonly
used organic solvents are ethanol, hexane, and ethyl
acetate. Although these processes and solvents
are commonly used, they are associated with high
temperatures and extensive solvent use, causing

chemical and/or thermal damages to the resulting
extract (Pourmortazavi and Hajimirsadegui, 2007; da
Silva et al., 2016b). Alternatively, supercritical fluid
extraction (SFE) has been considered as an option for
extraction and fractionation of several natural raw
materials, with carbon dioxide as the most common
high-pressure solvent. SFE enables the use of a
“green” solvent (carbon dioxide), provides a fast and
selective extraction with low thermal degradation,
produces solvent-free extracts, and allows an easy
control of selectivity— aspects that are relevant for
high quality products (Khajeh et al., 2004; Straccia
etal., 2012).

Fernandez-Ponce et al. (2012; 2016) compared
SFE, pressurised liquid extraction (PLE), subcritical
water extraction (SWE), and enhanced solvent
extraction (ESE) for the recovery of extracts from
mango leaves, with a good SFE and PLE performance
duetohighpressure effects onsolubility and desorption
of active compounds (Fernandez-Ponce et al., 2016).
Ruiz-Montaiiez et al. (2014) studied the extraction of
bioactive compounds, such as mangiferin and lupeol
from mango peels using ultrasonic assisted extraction
and hydrostatic high pressure extraction. According
to Garcia-Mendoza et al. (2015), pressurised solvents
are an interesting alternative for the extraction of bio-
actives from mango peel. Lerma-Torres et al. (2019)
obtained mangiferin and lupeol from leaves and
bark of the Ataulfo and Autochthonous mango tree
varieties using maceration, Soxhlet, ultrasound, and
microwave techniques. Pereira and Meireles (2007)
obtained mango leaves extract with antioxidant
activity and phenolic compounds using supercritical
CO:, while Garcia-Mendoza et al. (2015) used the
same method to recover extracts from mango peel.

Although studies on the extraction of bioactive
compounds from Tommy Atkins peel have been
reported, limited number of phenolic compounds
was identified in those studies, mostly catechin,
procyanidin A2, Bl and B2, kaempferol, quercetin,
rutin, cinnamic and benzoic acids, and resveratrol.
Therefore, given that the bioactive potential of the
recovered extracts is highly related to the diversity
of their components, the objective of the present
work was to evaluate the phenolic profile of Tommy
Atkins peel extracts recovered by SFE, with CO:
under pressure conditions set at 100, 200 and 300 bar
and temperatures of 40, 50 and 60°C; and compare it
with the results of low pressure extraction methods
(Soxhlet, maceration, and ultrasound-assisted
extraction) using ethanol, hexane, and ethyl acetate
as solvents.
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Materials and methods

Chemicals

Trolox (6-hydroxy-2,5,7,8-tetramethylchromane-
2-carboxylic acid) and 2,2-diphenyl-1-picrylhydrazyl
(DPPH) were purchased from Sigma-Aldrich (St.
Louis, MO, USA). Potassium persulphate, ethanol,
acetone, sodium carbonate, and Folin-Ciocalteu
were purchased from Merck (Darmstadt, Germany).
Methanol and acetonitrile (both HPLC grade) and
ortho-phosphoric acid were supplied by Vetec
Quimica Fina Ltda. (Rio de Janeiro, Brazil), JT
Baker (Phillipsburg, NJ) and Fluka (Switzerland),
respectively. Water was purified by Elga PURELAB
option-Q (USA) purification system. The standards
of ferulic, syringic, cinnamic, ortho-coumaric, and
benzoic acids were purchased from Chem Service
(West Chester, USA). The para-coumaric and
gallic acids were purchased from Sigma-Aldrich
(St. Louis, MO, USA). Kaempferol-3-O-glucoside,
isorhamnetin, quercetin 3-piranoside, quercetin
3-glucoside, (+)-catechin, (-)-epicatechin, rutin,
(-)-gallate, epicatechin, (-)-epigallocatechin gallate,
procyanidin A2, procyanidin B1, procyanidin B2, and
trans-resveratrol were purchased from Extrasynthese
(Genay, France).

Sample preparation

“Tommy Atkins” variety mangoes were provided
by fruit producers from Sao Francisco River Valley
(Petrolina, PE, Brazil), latitude 9° 34’ south, longitude
40° 26’ west and 375 m altitude. The mango peel was
manually removed from the washed fruits by using a
stainless steel kitchen knife. The peels were cut into
thick strips of 2.7+ 0.9 mm, measured by an electronic
outside micrometer, and then dried by: (a) air-drying
at 23 to 36°C, relative humidity of between 30 and
80%, in atmospheric pressure for 8 d; and (b) forced-
drying in an oven with forced air circulation (Pardal,
PE 30, 900 W) at 40 + 2°C for 24 h. following drying,
the peels were ground in a knife mill and stored in
plastic bags in a domestic freezer at -18°C. The low-
pressure extractions methods were applied for both
dried raw materials, whereas the supercritical fluid
extraction was performed for forced dried mango
peel samples. Since forced-drying allows control of
process variables such as temperature and providing
homogeneous dry materials, this method was
selected to provide samples for the supercritical fluid
extraction process.

Low pressure procedures
Low pressure extraction methods (Soxhlet,
maceration, ultrasound assisted extraction) were
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performed at least in duplicate, using the solvents
n-hexane, ethyl acetate, and ethanol (Nuclear, CAQ
Ind. e Com. LTDA., Brazil), with increasing polarity
from 0 to 5.2 (Reichardt, 2003).

Soxhlet extraction (SOX)

The SOX extraction was performed following
the procedure described in the 920.39C method of
AOAC (2012) using 5 g of dry and ground sample,
packed inside a cartridge and placed in a 250 mL
Soxhlet apparatus. The extractions run for 6 h with
150 mL of solvent at boiling point.

Maceration extraction (MAC)

Maceration was conducted following the
procedure described by Sachindra ez al. (2006) with
25 g of sample and 100 mL of solvent, protected from
light for 5 d at room temperature with manual stirring
once daily. The resulting mixture was vacuum-
filtered using a Biichner funnel with filter paper, and
the filtrate was collected in a Kitasato apparatus.

Ultrasound-assisted extraction (UAE)

The ultrasound-assisted extraction was conducted
following the procedure described by Gu et al. (2008)
in an ultrasonic cleaner bath (Unique Ultracleaner,
USC - 700) at 55 kHz and 100 W by placing 5 g
of pre-treated sample and 150 mL of solvent into a
covered glass balloon at room temperature for 60
min.

Supercritical fluid extraction (SFE)

SFE of mango peel was performed in a dynamic
extraction unit (Zetzl et al., 2003). A co-solvent
pump (Constametric, 3200, EUA) was connected to
supply the modifier (co-solvent) at a preset flow rate.
The extractions, conducted according to Michelin
et al. (2005), used 15 g of sample (forced dried and
ground mango peel). The extract was collected in
amber flasks after 3.5 h (210 min) and weighed on
an analytical balance (OHAUS, Model AS200S - NJ
- USA). The SFE assays were performed at least in
duplicate for two groups: (a) CO: assays, at pressure
conditions of 100, 200 and 300 bar, temperatures of
40, 50 and 60°C, and constant solvent flow rate of 8.3
+ 0.8 g/min; (b) co-solvent assays, where ethanol was
mixed with COz2, at concentrations of 2.5, 5.0, and
7.5% (w/w). The co-solvent assays were conducted
at 50°C and 300 bar, criteria chosen based on the
high yield obtained with CO-. The SFE assays were
performed with 99.9% purity CO2 (White Martins,
Brazil), with specific weights for each operating
condition, determined according to Angus et al.
(1976).



1848

Separation of the mixture extract/solvent

The residual solvent from the extracts (SOX,
MAC, UAE, and SFE with co-solvent) was eliminated
by rotary evaporator (Fisatom, 802, Brazil), supplied
with cooling and vacuum controllers, and the extracts
were stored in amber flasks at -18°C. The extraction
yield, for all methods, was calculated using to Eq.
1, which considers mass of extract (m) and mass of
raw material on a dry basis (M). The results were
presented as average + standard deviation.

x="x100 (Eq. 1)

m
M

Phenolic compounds profile by RP-HPLC/DAD/FD

The phenolic compounds of mango peel
extracts were determined by Reversed-Phase High
Performance Liquid Chromatography (RP-HPLC)
(Waters systems - model Alliance €2695) coupled
to diode-array-detection (DAD) and fluorescence-
detection (FD). The analysis followed the
methodology described by da Silva et al. (2016a).
The Empower™ 2 software (Milford, EUA) was used
for data processing. Briefly, the analysis consisted of
identifying and quantifying 16 phenolic compounds,
which represent the phenolic compounds profile.
Diode-array-detector (DAD), at a wavelength of 280
nm, was used to detect syringic acid, at 320 nm for
the stilbene trans-resveratrol and three phenolic acids
(cinnamic, ortho-coumaric, and para-coumaric); at
360 nm for the flavonols kaempferol 3-O-glucoside,
quercetin 3-glucoside, quercetin piranoside, rutin,
and isorhamnetin. Otherwise, fluorescence detection
(FD), excitation at a wavelength of 280 nm and
emission at a wavelength of 320 nm, was used to
identify and quantify benzoic acid and the phenolic
flavanols catechin, epicatechin, and procyanidin B1
and B2. The furnace temperature was maintained at
40°C, the flow rate was 0.6 mL/min and the total run
time was 65 min. The elution gradient used was 0
min 100% A; 18 min 87.5% A, 2.5% B, 10.0% C;
30 min 83.5% A, 3.2% B, 13.3% C; 36 min 75.0%
A, 5.0% B, 20.0% C; 48.5 min 65.0% A, 8.3% B,
26.7% C; 50 min 65.0% A, 8.3% B, 26.7% C and
65 min 100% A. The mobile phase consisted of 25
mmol/L potassium dihydrogen phosphate solution,
pH adjusted to 2.05 using phosphoric acid as solvent
A, methanol as solvent B and acetonitrile as solvent
C.
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Total phenolic content and in vitro antioxidant
activity

Total phenolic content (TPC) was determined
following the Folin-Ciocalteu spectrophotometric
method (Peschel et al., 2006). The TPC value was
calculated based on the standard curve of gallic acid
(Nuclear, CAQ Ind. ¢ Com. Ltda.). The analysis
was performed in triplicate and values expressed as
milligrams of gallic acid equivalent (GAE) per gram of
the extract (mg GAE/g). The antioxidant potential of
all extracts was estimated by the spectrophotometric
methods described as follows:

DPPH free radical scavenging assay: The
DPPH (1,1-diphenyl-2-picrylhydrazyl) analysis of
mango peel extracts followed the method described
by Mensor et al. (2001). Briefly, the extract was
mixed with DPPH ethanol solution (0.3 mM),
to concentrations of 5, 10, 25, 50, 125, 250, and
500 pg per mL of extract. Absorbance at 517 nm
was measured after 30 min at room temperature,
showing the percentage of antioxidant potential (%
AP). The results were also represented as effective
concentration 50% (EC,), i.e., the concentration of
a compound required to reduce the absorbance by
50% in test organisms, compared to blank solution
(expressed in pg of extract/mL).

[-carotene bleaching method: The antioxidant
activity of mango peel extracts by [-carotene /
linoleic acid system was determined following the
method described by Matthdus (2002) and Kang
et al. (2006). Briefly, 5 mL of B-carotene / linoleic
acid (40 mg linoleic acid, 400 mg Tween-20, 3.34
mg B-carotene / 100 mL distilled water) was added
to 0.2 mL ethanolic mango peel extract (1,667 mg/
mL), immediately submitted to absorbance measured
at 470 nm, and compared against blank emulsion
(without B-carotene). The tested tubes were placed in
a water bath at 50°C for 120 min and the absorbance
was measured at 470 nm. The B-carotene bleaching
rate was determined by the difference between the
absorbance values measured at 0 min and at 120 min
(mean of experiments performed in triplicate) and
converted into percentage of antioxidant activity (%
AA). The results were expressed as mean + standard
deviation of assays performed in triplicate.

Statistical analysis

The results were statistically evaluated by one-
way analysis of variance (ANOVA) using SPSS
Software 17.0. The results showed extraction yield
(X,), TPC, EC,, and AP%. The differences, with a
significance level set at 5% (p < 0.05), were analysed
by Tukey’s test (Montgomery, 2005).
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Results and discussion
Drying effect on extraction yield

Low pressure extraction methods

Mango peel samples [in natura (untreated), air-
dried (sun-dried), and forced-dried (at 40°C)] showed
moisture content values 0f26.2 +£0.3%, 3.20 £ 0.02%
and 7.9 + 0.4% (d.b.), respectively. The air-dried
sample reached the lowest moisture content, albeit
with a drying time of 168 h, as compared to the forced
drying procedure of 24 h, at similar temperatures (35
- 40°C: air-drying and 40°C: forced-drying).

The drying effect was evaluated by comparing
the extraction yields (X)) from SOX, MAC, and UAE
methods using different solvents, as shown in Table
1. The results show that for low-pressure extractions
with different solvents, the drying pre-treatments
did not influence the yield results, probably because
the extraction method and the solvent type are more
relevant to the yield than the drying treatments
used. This result differs from that reported by Sogi
et al. (2013), who detected a significant influence
of the drying procedure on extraction yield, when
comparing four different drying procedures and one
extraction method and solvent type.

The results from Table 1 show that SOX with
ethanol gave the highest yield, probably due to the
high temperature, solvent recycling and polarity, and
the solvent / solute interactions, which contribute
to an enhanced solubilisation of the raw material
components (maximum X ). The lowest yield was
obtained by UAE with hexane for both air-dryed
(1.5 £ 0.5%) and forced-dryed (1.5 + 0.1%) samples.
The low efficiency of UAE may be related to the
short extraction time (60 min) as compared to other
methods, which reduced the solubilisation of the
compounds and the diffusion of solvent in the raw
material. In addition, hexane is a non-polar solvent
with low efficiency to solubilise polar compounds.
Therefore, the high performance of ethanol (polar
solvent) suggests the presence of polar substance
in mango peel because solvent polarity defines the
ability to interact with similar polarity molecules
(Barwick, 1997).

Supercritical fluid extraction (SFE)

The X results of SFE at different conditions show
a maximum yield of 3.8 + 0.7% (w/w), obtained at
50°C and 300 bar, with a solvent specific mass of
0.871 g CO2/em?, while the lowest yield was 0.50
+ 0.02% (w/w) at 60°C and 100 bar, with a solvent
specific mass of 0.295 g CO2/cm’. Most SFE results
are within the hexane performance range for low
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pressure methods (Table 1), both of which are equally
non-polar solvents. This poor yield performance
confirms the presence of polar components in the
raw material. Therefore, ethanol was applied as co-
solvent at concentrations of 2.5, 5.0, and 7.5%, at
50°C and 300 bar. Co-solvent had almost no effect in
terms of extraction yield in the concentration range
used. In addition, the SFE yields obtained with CO2
at 300 bar and at all temperatures or with CO2 plus
5% ethanol at 50°C and 300 bar were statistically
equal. These results were similar to data obtained by
Soxhlet using hexane as solvent. This behaviour may
be explained by the non-polar characteristic of both
solvents (CO2 and hexane).

As can be seen from Table 1, X decreased (from
0.8+0.1t0 0.5+ 0.02%) when temperature increased
from 40 to 60°C, at 100 bar due to solvent specific
mass reduction (from 0.629 to 0.295 g/cm?). The
same behaviour was observed at 200 bar. On the other
hand, at very high pressures (300 bar), temperature
rise enhanced yield due to increased solute vapour
pressure combined with temperature, which was
more significant than the reduction in solvent specific
mass, resulting in a higher overall extraction yield.
Although no statistical differences in yield were
observed when comparing pre-treatments, extraction
procedures, and solvent types, the influence of these
process variables can be better observed on product
quality, described as follows.

Total phenolic content (TPC)

TPC from low pressure extraction methods

The TPC results from mango peel extracts
obtained by the low pressure method are also shown
in Table 1. The highest TPC values were obtained
by MAC-Et-Ad (maceration-ethanol-air drying
sample) and UAE-Et-Ad (ultrasound-ethanol-air
drying), with values of 63 + 2 and 62 + 4 mg GAE/g,
respectively, with no significant difference. This
behaviour is explained by the polar characteristic of
ethanol, which enhances extraction of phenolic acid
compounds. These data were followed by MAC-
EA-Fd (maceration-ethyl acetate-forced drying),
with values of 54 £ 3 mg GAE/g, a solvent with
intermediate polarity. High TPC values were also
obtained by MAC-Et-Fd (45 = 4 mg GAE/g) and by
MAC-EA-Ad (43 + 2 mg GAE/g), which suggests
that maceration can be a good method for phenolic
extraction, probably due to the low temperatures
used, reducing the thermal degradation of the
extracts. Drying procedures, such as pre-treatment
for low pressure extractions, showed no clear effect
on phenolic recovery (TPC values), probably because
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Table 1. Extraction yield (Xo) and TPC of mango peel extract obtained by different extraction methods and solvents.

Low pressure extractions

Techniques Drying® Solvents SPI® Total yield Xo (%)@ TPC (mg EAG/g)
Ethanol 5.2 37.1+0.7¢ 25.0+£2.0¢
Air Hexane 0.0 2.5+0.49 2.3+0.3"
. Ethyl Acetate 4.4 45+0.24 21.0 + 3.0
Soxhlet extraction
Ethanol 5.2 36.3+0.7¢ 10.0 £ 1.0%
Forced Hexane 0.0 2.4 +0.5% 18.0 +£2.0¢
Ethyl Acetate 4.4 43+0.24 30.0 £ 1.0°
Ethanol 5.2 18.7 +£1.8° 63.0£2.0°
Air Hexane 0.0 2.3+£0.44 1.2+0.3f
. Ethyl Acetate 4.4 4.5+0.34 43.0+2.0°
Maceration
Ethanol 5.2 19.0 £2.0° 45.0 +£4.0°
Forced Hexane 0.0 2.3 +0.5% 5.6+0.3¢
Ethyl Acetate 4.4 43+0.14 54.0 +£3.0°
Ethanol 5.2 11.6 £ 0.6¢ 20.0 +2.0¢
Air Hexane 0.0 1.5+0.5¢ 8.0£1.0°
Ultrasound assisted Ethyl Acetate 44 2.7+0.5¢ 11.0+1.0¢
extraction Ethanol 5.2 14.3+0.5¢ 62.0+4.0°
Forced Hexane 0.0 1.5+0.1% 6.0 +2.0°
Ethyl Acetate 4.4 2.0 +£0.0% 5.0+1.0°
SFE with CO: - Forced dried samples
Pressure (bar) Temperature (°C) CO:2 specific mass® Total yield Xo (%) TPC (mg EAG/g)
100 40 0.629 g/cm? 0.8 +0.1% 15.4£0.6°
100 50 0.385 g/cm? 0.71 £ 0.02% 6.8 +0.7¢
100 60 0.295 g/em® 0.50 = 0.01°% 0.5 +0.0f
200 40 0.840 g/cm? 24+0.1% 17.5+£0.4°
200 50 0.785 g/cm? 1.4+0.1% 11.9+0.6¢
200 60 0.724 g/cm? 1.4+0.1% 12.7+0.3¢
300 40 0911 g/em® 2.7+0.8% 27.4£0.8
300 50 0.871 g/em? 3.8+0.7° 15.5+0.3¢
300 60 0.830 g/cm® 2.60£0.01® 7.0 £0.0°
SFE with co-solvent (ethanol) - Forced dried samples
Pressure (bar) Temperature (°C) Co-solvent conc. Total yield Xo (%)@ TPC (mg EAG/g)
300 50 CO: + 2.5% ethanol 3.7+0.1° 12.0=1.0¢
300 50 CO:z + 5.0% ethanol 4.0£0.12 16.6 £0.3°
300 50 CO2 + 7.5% ethanol 3.7+0.1° 7.8 £0.3¢

MAir drying: 23 - 36°C, 30 - 80% relative humidity, at atmospherical pressure for 8 d; forced drying: in an oven with forced air circulation at 40
+ 2°C for 24 h; @SPI = solvent polarity index (Reichardt, 2003); ®Different letters indicate significant difference at p < 0.05; “CO: specific mass
according to Angus et al. (1976).

the drying effect was lower than the influence of
the extraction method (Soxhlet, maceration, and
ultrasound) and the type of solvent (ethanol, hexane,
and ethyl acetate) on the TPC results.

TPC from supercritical fluid extraction

The TPC results from mango peel extracts
obtained by the high pressure method are also shown
in Table 1. As expected, SFE provided low TPC
values as compared to ethanolic extracts due to CO2
non-polar character. Therefore, the TPC results from

high pressure extracts were more like the results from
extracts obtained by hexane and by ethyl acetate. The
TPC values showed a tendency to decrease with the
increase in the SFE temperature. The lowest TPC
value was observed from SFE at 100 bar and 60°C
(0.62 £ 0.21 mg GAE/g), while the highest TPC
value was obtained at 300 bar and 40°C (26.6 + 1.6
mg GAE/g). Even SFE with ethanol as co-solvent
did not affect the TPC result; reaching 16.6 = 0.3 mg
GAE/g for the extract obtained with 5% ethanol at
300 bar / 50°C.
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Ajila et al. (2007) determined the polyphenols
in two varieties of Indian mango peel (Badami
and Raspuri) at different maturation stages (green
and ripe). Polyphenols quantification was carried
out using the Folin-Ciocalteu reagent. The values
obtained by these authors when using ethanol and
acetone as solvents were respectively: 37.9 + 0.9
and 90.2 + 0.6 mg GAE/g for green Badami; 33 +
1 and 55 + 2 mg GAE/g for ripe Badami; 73.9 +
0.4 and 109.7 £ 0.8 mg GAE/g for green Raspuri;
and 46 + 4 and 100 = 2 mg GAE/g for ripe Raspuri.
Sogi et al. (2013) determined the TPC from Tommy
Atkins mango peel extracts obtained by different
technologies (combining extraction methods and
drying times). The values obtained were: 31.85 mg
GAE/g using 11 h lyophilisation; 23.20 mg GAE/g
from 4 h oven-dried peels; 20.32 mg GAE/g using
7 h vacuum drying; and 30.49 mg GAE/g from 2 h
infrared drying.

The results of the present work were similar to
the data found in the literature, with an even higher
performance for low-pressure extraction methods
and with ethanol as solvent. In general, TPC results
for the SFE extract (up to 26.6 +£ 1.6 mg GAE/g) and
for low pressure extracts with ethanol (up to 58 £ 10
mg GAE/g) and with ethyl acetate (up to 54 + 3 mg
GAE/g) were superior than the results found in the
literature (Ajila et al., 2007). It is also important to
take into account the variability due to plant material
related to genetic, agronomic, and physiological
aspects, which brings different results in the quality
of the extract. Besides that, this comparison suggests
that the mango peel residue and the technologies
applied in the present work provide satisfactory
extraction of phenolic components detected by the
Folin-Ciocalteu colorimetric method.

Phenolic compounds profile

Phenolic compounds from low pressure extraction
methods

The phenolic compounds profile by HPLC of
mango peel extracts are shown in Tables 2 and 3 for
organic solvent extracts and supercritical extracts,
respectively. Low pressure methods (SOX, MAC,
and UAE) with ethanol or ethyl acetate provided
extracts with the highest flavanol contents, more
specifically procyanidin A2 (up to 0.29 mg/g). In
contrast, benzoic acid, procyanidin B2, isorhamnetin,
and myricetin were hardly detected in all extracts,
suggesting they are not typical mango peel substances.
Flavonols were the prevailing class of compounds

in mango peel extracts. For the SOX method, the
ethyl acetate extracts provided high concentrations
of kaempferol 3-glucoside (3.1 mg/g), quercetin
piranoside (6.46 mg/g), and quercetin 3-glucoside
(3.28 mg/g); and for rutin (6.6 mg/g), the best result
was obtained by maceration. The high contents of
kaempferol 3-glucoside, quercetin 3-glucoside,
quercetin piranoside, and rutin, as compared to
TPC results with 1.2 to 63 mg GAE/g (Table 1),
suggest that they are the main phenolic compounds
in mango peel extracts. The components kaempferol
and quercetin are associated with numerous health
benefits such as anti-inflammatory, anticancer, and
protective properties against neurodegenerative
diseases (Carvalho et al., 2017).

Additionally, the flavonol contents in the present
work are high when compared to those from Uba
mango peel reported by Ribeiro et al. (2008), with
values of 35.3 mg/kg for kaempferol 3-O-glucoside of
a total of 785.1 mg/kg from seven types of quercetin.
According to the literature, phenolic compounds
such as mangiferin, isomangiferin and mangiferin
gallate were also detected from mango peels (Jahurul
et al., 2015; Asif et al., 2016). The presence of
gallotannins, which also have antioxidant and other
pharmaceutical properties, has also been described
in mango peel (Coelho et al., 2019). Therefore, the
high flavonols content (Table 2) confirms the good
performance of extracts from Tommy Atkins mango
peel from the Sao Francisco River Valley, Brazil.

Phenolic compounds from supercritical fluid
extraction

Alternatively, supercritical extracts (Table 3)
showed fewer identified phenolic compounds as
compared to organic solvent extracts due to the non-
polar characteristic of CO, providing analogous
results as compared to hexane (low pressure
methods). The use of ethanol as co-solvent (2.5 to
7.5%) enhances the polarity of the solvent mixture
(da Silva et al., 2016b) and considerably increases
the content of quercetin 3-glicoside and rutin in the
extracts.

Finally, to optimise selectivity processes,
additional studies focusing on particular classes
of components are needed to better address the
functionalities of Tommy Atkins mango peel
extracts. These studies should be based on the results
previously discussed, which are very compelling
about the good performance of this relevant agro-
industrial residue.
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Table 4. Antioxidant activity in vitro (AOX) in % AP by DPPH and by B-carotene bleaching methods for mango peel
extracts obtained by low-pressure techniques.

Extraction

method Drying® Solvent DPPH % AP (500 mg/mL)? %AP_120 min@®¥
Ethanol 95.7+0.4* 15.6 £5.31
Air Hexane 30.1 +£0.6" 58.5 +2.5¢
Soxhlet Ethyl Acetate 952+ 0.4 29.6 + 4.9
extraction Ethanol 95.5+0.7° 9.5+ 1.8
Forced Hexane 443 +0.3¢ 85.8+ 1.3
Ethyl Acetate 96.5 +0.5° 69.1 & 5,20
Ethanol 95.6 £0.8° 56.2 £ 1.6%f
Air Hexane 29.0 £ 2.0t 70.5 + 3.4%¢
. Ethyl Acetate 95.4+ 0.4 49.3 £ 4.6
Maceration
Ethanol 94.7+0.1* 35.3+9.7¢
Forced Hexane 47.6 + 0.4 79.6 £ 1.9®
Ethyl Acetate 84.0 £ 1.0 76.5 +£3.9%
Ethanol 94.4 +£0.4° 14.4+1.74
Air Hexane 233+0.9 59.7 +£2.3¢
Ultrasound Ethyl Acetate 79.7 03¢ 41.0+7.9%
assisted
extraction Ethanol 72.4+0.7¢ 43.7 +10.0%
Forced Hexane 21.5+0.8 70.8 & 3.8
Ethyl Acetate 61.0 +£26.0° 73.3 £2.9%¢
SFE
Pressure (bar) Temperature (°C) Solvent / mixture DPPH - % AP (500 mg/mL)® %AP_120 min®
100 40 CO, 15.0 £6.0° 94.2 +£1.2°
100 50 CO, 37.0 £ 2.0® 95.4 + 6.3®
100 60 CO, 17.0 £ 2.0% 84.4 £ 1. ]abede
200 40 CO, 25.0+2.0¢ 78.6 + 2, 5bedef
200 50 CO, 18.0 £ 2.0 77.5 + 2.6
200 60 CO, 32.0 +£2.0% 524 +£2.74
300 40 CO, 252 +0.8¢ 82.3 & 2.6l
300 50 CO, 34.0 £ 2.0® 87.3 + 4.9
300 60 CO, 25.0 £ 3.0« 93.2+2.7°
300 50 CO, + 2.5% ethanol 332404 63.1 £ 0.8=hik
300 50 CO, + 5.0% ethanol 37.0 £5.0® 56.0 £ 2.9
300 50 CO, + 7.5% ethanol 41.4+0.6° 63.8 £ 1]k
TBHQ (Standard) 912+0.8 76.0 + 2.0

MAir drying: at 23 - 36°C, 30 - 80% relative humidity, at atmospherical pressure for 8 d; forced drying: in an oven with forced air circulation at 40
+ 2°C for 24 h; @different letters indicate significant difference at p < 0.05, performed for two groups of assays (low pressure methods and high
pressure methods); ® % AP (500 mg/mL) = % antioxidant potential to higher extraction concentration by DPPH method; » AP_120 min = antioxidant

potential after 120 min-reaction by f-carotene bleaching method.

In vitro antioxidant activity

The antioxidant potential results of extracts
obtained by low pressure methods and by SFE, and
evaluated according to DPPH and B-carotene methods
are compared in Table 4. The statistical analysis of
the data was performed for the values resulting from
SOX, MAC, UAE, and SFE.

The antioxidant potential by DPPH, tested
with extract concentration of 500 mg/mL, showed

the highest % AP values (Table 4) for Soxhlet and
maceration of ethanolic extracts (air- and forced-
dried samples), all statistically similar, with
values up to 96.54 = 0.45% AP. Ethyl acetate also
gave statistically similar DPPH results (% AP) as
compared to ethanolic extracts, for Soxhlet and
maceration procedures. DPPH results for ethanolic
extracts produced % AP higher than TBHQ, a
synthetic antioxidant with recognised antioxidant
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potential, reported by Salvador et al. (2016) (91.2 +
0.8%, at 500 pg/mL__ ), indicating good antioxidant
potential of these mango peel extracts. The best
DPPH values for the air-dried raw material were
obtained for ethanolic extracts from SOX, MAC, and
UAE (95.7+0.4,95.6 + 0.8, and 94.4 + 0.4 pg/mL,
respectively), probably due to the use of a high-polar
solvent. The extracts obtained using ethanol and ethyl
acetate are also considered high antioxidant agents,
exhibiting DPPH values above those resulting from
TBHQ standard (91.2 + 0.8 mg/mL) (Salvador et al.,
2016), confirming the high antioxidant performance
of mango peel extracts. Several authors (Kitzberger
et al., 2007; de Campos et al., 2008; Benelli et al.,
2010) also achieved a better performance with polar
solvents for antioxidants extraction. In contrast, the
% AP by DPPH of mango peel extracts obtained by
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supercritical CO2 showed the highest value, 41.4 +
0.6 (300 bar/50°C and 7.5% co-solvent). Co-solvent
use showed no significant effect on DPPH values.
By observing the results obtained from the DPPH
analysis, a better antioxidant performance was
detected by using high polarity solvents, particularly
organic solvents used in low pressure methods (SOX,
MAC, and UAE). In Figure 1, a correlation between
antioxidant results with the phenolic content from
the various extracts is presented. Figure 1A shows a
comparison between the antioxidant values obtained
by the DPPH method (Table 4) and the TPC data,
expressed in terms of raw material amount (Tables 2
and 3, considering the extraction yield from Table 1).
From this, the correlation between the data (DPPH
and TPC) was 0.61, and the extracts whose values
are close to the TBHQ value (Salvador ef al., 2016)
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Figure 1. Antioxidant potential and TPC values of mango peel extracts obtained by Soxhlet (SOX), maceration (MAC),
and ultrasound assisted extraction (UAE) using ethanol (Et), hexane (Hx), and ethyl acetate (EA) as solvents, for samples
submitted to air drying (Ad) or forced drying (Fd). (1A): antioxidant potential by DPPH versus TPC values compared with
DPPH values of standard TBHQ obtained by Salvador et al. (2016); (1B): antioxidant potential by B-carotene bleaching
method versus TPC values compared with B-carotene result for standard TBHQ obtained by Salvador et al. (2016).
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were those obtained by low pressure methods. The
DPPH results from low pressure extracts were better
than those from supercritical extracts. The reduced
performance of SFE is probably due to the non-
polar character CO2, which limits the extraction
of antioxidant compounds detected by the DPPH
method. Ajila et al. (2007) found good antioxidant
potential by DPPH in mango peel extracts from the
Badami and Raspuri varieties, extracted with acetone.
The best results, compared to the present data,
probably due to differences among mango varieties,
solvents used, and certain physiological aspects and
agronomic procedures, which led to differences in
relation to plant quality.

The DPPH method is considered a wide range
assay suitable for detecting antioxidant mechanisms
performed by polar to medium polar compounds
and is therefore recognised as a standard antioxidant
activity procedure. Alternatively, the p-carotene
bleaching method detects oxidative reactions induced
by light, heat, or peroxyl radicals, which promotes the
bleaching of carotenoids (Prior ef al., 2005). Thus, it
is important to evaluate the antioxidant potential by
combined assays, taking into account the variety of
antioxidative mechanisms.

Considering the B-carotene bleaching method,
we detected a significant improvement in the
performance of non-polar solvents (hexane and CO2)
to obtain antioxidant substances, as compared to the
above-mentioned methods. The high antioxidant
performance detected by the B-carotene / linoleic
acid system is possibly associated to the presence of
compounds other than phenolic substances, present in
the mango peel extracts, such as carotenoid fractions.
The best % AP 120 min (B-carotene method)
results for low-pressure extracts were obtained by
maceration with ethyl acetate from forced-dried raw
material, followed by Soxhlet with hexane from air-
dried mango peel. Good results of % AP 120 min
were also observed in extracts from Soxhlet-hexane/
forced-drying and maceration-hexane/air-drying,
indicating the suitability of low polar solvents for
the recovery of antioxidant compounds (from mango
peel), detectable by the B-carotene bleaching method.

The % AP_120 min values from SFE ranged
from 52.4 + 2.7% (200 bar / 60°C) to 95.4 £+ 6.3%
(100 bar / 50°C). Very good % AP_120 min values
were also observed at 100 bar and 40°C and at 300
bar and 60°C, with no clear influence of pressure and
temperature. SFE at 300 bar and 50°C without co-
solvent showed significant difference when compared
with the use of co-solvent at the same operating
conditions, although various ethanol concentrations

Souza et al./IFRJ 26(6) : 1845-1859

as co-solvent showed no significant effect in
B-carotene bleaching method. These behaviours are
justified because this method seems more suitable for
non-polar extracts (SFE without co-solvent). Most %
AP_120 min values from SFE (Tables 4) are higher
than the TBHQ value (76 = 2%), while the values
of most extracts recovered by low pressure methods
(SOX, MAC, UAE) are close to the TBHQ value and
lower. These results suggest that mango peel is a very
good source of antioxidants. Therefore, in general,
the SFE separation process was more effective than
the low pressure extraction methods for recovering
components measurable by the B-carotene bleaching
method. When observing the f-carotene bleaching
analysis result set, we detected a better antioxidant
performance in extracts recovered by SFE and low
pressure methods (SOX, MAC, and UAE) using
non-polar solvents. Figure 1B shows the comparison
between the antioxidant values resulting from the
B-carotene bleaching method (Table 4) and TPC,
expressed in terms of raw material amount (Tables 2
and 3, considering the extraction yield from Table 1).
From Figure 1B, no correlation between data (% AP
and TPC) was detected, and all supercritical extracts
presented TPC values closer (or even higher) than
TBHQ standard (by P-carotene bleaching method)
values. The results in Figure 1 (A and B) show the
good overall performance of the supercritical methods
in relation to the selectivity of phenolic compounds
with antioxidant potential, suggesting them as a good
option to process this agro-industrial residue.

Conclusion

“Tommy Atkins” dried mango peels are
promising raw materials due to the high quality
substances that remain in this industrial waste. The
Soxhlet procedure with ethanol provided the highest
extraction yield and the highest in vifro antioxidant
activity. SFE extracts presented low yields, but a better
antioxidant potential by the B-carotene bleaching
method. In addition, the use of ethanol as co-solvent
changed the SFE selectivity, resulting in flavonol
enriched extracts. Several phenolic compounds
were quantified from mango peel extracts obtained
at low pressure methods, particularly kaempferol
3-glucoside, quercetin  piranoside,  quercetin
3-glucoside, isorhamnetin, myricetin, and especially
rutin, the main compound in all extracts. Finally, the
results of the present work show that mango peel is an
agro-industrial residue with high nutraceutical value
and, for the best possible use of its bioactive content,
a suitable separation process should be defined.
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